The use of information systems using mobile phone support is important in agriculture in terms of generating efficiencies in production and improving farmers' incomes. In Burkina Faso, despite the increasing spread of a wide variety of agricultural information via mobile phones since the 2000s, few farmers have adopted such an electronic information system. This research aims to empirically analyse the factors that influence the awareness and use of electronic information systems by producers. Primary data were collected from a sample of 210 grain producers and analysed using descriptive statistics and a logit sequential model. Descriptive statistics indicated that farmers interviewed had an unmet need for timely access to relevant, reliable, continuously available, and unfragmented information. The econometric results suggest that a high number of years of schooling for the head of household, regular contact with extension agents and technical assistance from market information systems (MIS) management structures influence awareness of electronic information systems. With regard to the actual use of the services offered by these information systems, the presence of educated members in the household, the size of the farm, the perceived relevance of non-commercial benefits derived from the information disseminated and access to agricultural financing appear as significant determinants. These results have required more targeted public policies.
INTRODUCTION
Market information systems (MIS) are one of the most significant innovations revolutionizing information technology in the agricultural sector (Diekmann et . These systems are devices intended to collect, process and disseminate information on the situation and dynamics of agricultural markets to economic agents (public and, especially, private actors, such as agricultural producers, traders and consumers). The information disseminated is supposed to reinforce the transparency of markets and help the actors in their decisions about production and marketing. MIS generally disseminate information using different types of support: rural radios, billboards, print media (newspapers, newsletters or gazettes), the internet (website or mailing list) and mobile phones.
In recent years, information systems using mobile phone support have continued to grow in most developing countries (Aker and Mbiti, 2010; Tadesse and Bahiigwa, 2015; Beza et al., 2018). Qualified as electronic information systems, they are increasingly instruments for promoting agricultural development in developing countries. Due to their high level of access, broad reach, good adoption rate and real-time interaction, mobile phones offer effective solutions to rural communication problems (Msoffe and Ngulube, 2016) .
They effectively reduce the distance between individuals and institutions, facilitating the sharing of information and knowledge. Mobile phones are a global communication channel for rural communities, expanding the impact of established rural media, such as rural radio, and helping to make local content accessible to rural people and making rural services more efficient and profitable (Aker and Mbiti, 2010; Msoffe and Ngulube, 2016) . Although the use of electronic information systems in agriculture is in its infancy, recent studies have indeed shown the potential of these information systems in agriculture. Kidole (2015) reports that these information systems have increased the gross profits of 90% of farmers in Moshi District in Tanzania. In the case of Ethiopia (Tadesse and Bahiigwa, 2015; Beza et al. 2018) , it is of note that the information provided by mobile phones has allowed farmers to increase their yields. In Uganda, access to business information through electronic information systems has increased farmers' incomes by 16.5% to 36% (Marke, 2014) . Subervie and Galtier (2014) show that in Ghana, farmers who have benefited from continuous information on market prices via mobile phone have been able to improve their average selling price of 12.7% for maize and 9.7% for groundnuts.
While the services offered by electronic information systems are important for generating efficiencies in production and improving farmers' incomes, they are not always adopted by farmers (Tadesse and Bahiigwa, determinants of the awareness and use of electronic information systems are presented and discussed in the fourth section. Finally, we conclude by reflecting on the public policies to be implemented to increase the adoption of these information systems.
LITERATURE OVERVIEW
This section provides a review of the literature that shows the challenge of farmers' access to information via the mobile phone and highlights the main theoretical determinants underpinning our analysis of the adoption of electronic information systems.
The challenge of access to information
From an economic point of view, the performance of agricultural markets depends in particular on the quality of the flow of information between the various actors in the agricultural sectors (Aker, 2010; Duchaufour et al., 2016) . Access to market information enables users to make better decisions about investing, producing, selling or buying. In fact, economic agents (traders, producers, public authorities) have information about agricultural markets (prices, quantities, quality) that is often incomplete, and sometimes false. The function of MIS is to collect information on markets and to disseminate this information to public (State) and private (producers, traders, consumers). The first generation of MIS was managed by centralized public services that collated and processed grain price data and disseminated it in several media such as national radio, television, newspapers and news bulletins (Duchaufour et al., 2016) . Most of them were funded by projects. Limited in terms of flexibility and innovation capacity, they had mixed results (lntereseaux, 2008) . This system had several shortcomings, including delays in transmission, errors, few markets included, etc. Towards the end of the 1990s, many advances led to the emergence of the second generation of MIS. The appearance of mobile phones and the spread of the internet have offered many opportunities. Previously, the transmission of price data from the collection point to the central unit could take several days. Currently the information in "real time" can be delivered in a few hours. This has allowed for expanding product categories as well as considering different quality standards. Data are no longer pricerestricted, they also include other market-related information (local trade flows, imports / exports, sellers 'or buyers' contacts), production (meteorology, technical advice) or policy measures. (standards, regulations). The possibilities of real interactivity and contacts between buyers and sellers can be transmitted by individual offers. The use of mobile phones has increased to the point that this has attracted private entrepreneurs, who have set up market information services. Mobile telephones offer the possibility of interactivity, which represents an essential evolution: "push" systems, in which a standard information package is distributed to all users, can be replaced by "pull" systems, in which each user can choose the information they need from a wide range (either from individual requests or from individualized subscription systems). In addition, this interactivity allows MIS managers to control the information required and then adjust the service provided to meet the needs of users.
In Burkina Faso, both public information systems (MIS cereals of SONAGESS) and private information systems (MIS Afrique Verte of the NGO Afrique Verte, MIS CIC-B of the Interprofessional Committee of Cereals of Burkina) are registered. There are also sub-regional and international information systems (MIS RESIMAO, ESOKO). Private information systems are the most used. Farmers receive the information by SMS (Short Message Service). MIS management structures establish memoranda of understanding or information distribution contracts with national radio and television. There are two types of radio that are used by the agricultural world in Burkina Faso, namely: The National Radio, which covers a large part of the territory, and the community radios which are local radio stations that broadcast information in rural areas. MIS management structures use national television and private commercial televisions. The information is in French and in national languages (16 national languages are concerned). The broadcast is done at fixed times. For private SIMs, the content and the time of diffusion of the information are variable according to the types of contracts signed with radio or TV. Several MIS devices use the mobile phone. In recent years, electronic information systems have raised hopes in Burkina Faso because of the strong penetration of mobile telephony in rural areas. INSD (2015) indicates that 56% of the rural population of Burkina Faso uses a mobile phone. In parallel with the explosion of mobile telephones, there is a very low level of commercial information among farmers (INSD, 2015) . The challenge of access to information from electronic information systems is enormous, and it seems important to reflect on the possibilities of increasing access to agricultural information through such a system.
Determinants of the adoption of a market information system
The adoption of a technology is a process characterized by a certain level of heterogeneity, where it is very useful to understand the variables/factors that affect the process. A striking empirical observation regarding the adoption of new technologies is that there is usually a significant gap between the discovery of a new technology and its adoption. Early work by Schumpeter (1934) and Mansfield (1968) attributed the delay in adopting new technology to uncertainty about the nature of technological change. Studies on the adoption of technology indicate that the decision to use an innovation is a process in which different factors interact. Rogers (1995) pointed out that innovations perceived by farmers as having a greater relative advantage, compatibility with past experience and farmers' needs, a clear observability of results, an ease to be experienced and a reduced complexity would be adopted faster than other innovations.
Another set of factors that play an important role in the adoption process is related to the characteristics of the adopters. Researchers have found that men far outnumber women in the use of information technology (Ma et al., 2018) . In several studies, education and age have also had positive effects on the adoption of electronic information systems ( According to these studies, the level of education has increased farmers' ability to process information, make decisions and acquire new information technologies. For age, there appeared two possible contradictory effects. On the one hand, older farmers were likely to have greater knowledge of the benefits associated with new information technology and find it easier to use this technology. On the other hand, older farmers were more conservative and less likely to use new technologies. It is therefore difficult to hypothesize for this variable. In addition, a number of researchers (Hollenstein, 
DATA AND METHODS
This section presents the methodological approach used. The method of collecting primary data from farmers and the Logit Sequential model used to analyse these data are exposed.
Study areas and data collection
Our sample comes from a field survey conducted between July and December 2017 by the International Cabinet of Economic, Environmental, Social and Spatial Expertise. This research office is a private structure that has existed since 2012 and has conducted several surveys and studies for the benefit of private institutions in Africa. It is based in Ouagadougou. The purpose of the survey was to collect primary data to build the capacity of grain producers for better market access. These data were collected from 210 farm managers, as well as heads of households. A semistructured survey questionnaire was prepared, and the investigators were trained for the occasion. Cabinet selected interviewers who spoke local languages from the areas studied in order to ensure that the respondents understood the questions. Since the Cabinet survey was a multipurpose survey, the questionnaire was organized around several areas of investigation, including the socioeconomic factors of farmers and the institutional and technological characteristics of farming. We worked at the farm level collecting information about the farm manager and the farm household. A two-stage random sampling procedure was adopted to obtain the total sample size. First, three rural areas were selected on the basis of the importance of cereal production (sorghum, millet and maize) and the presence of MIS management organizations. Sorghum, millet and maize are the main dry cereals produced and consumed in Burkina Faso. The selected study areas were Boulsa (North Central region), Koudougou (West Central region) and Toma (Boucle du Mouhoun region). In each zone, there are also representations of MIS management structures that disseminate information to producers. This distribution is valuable, and the cost depends on the diversity of information requested. In these areas, some farm managers benefit from information via their mobile phones, thanks to the NGO grant. Second, 70 farm managers were randomly selected from each of the three zones. These farmers were identified using the list made available by agricultural extension officers, and farmers' organizations helped to confirm it. The criteria for confirming information included transparency, confidentiality rules and the validity of the information provided. Regarding transparency, a protocol describing the survey methodology and the survey guide is available and accessible. The database is available. The research team consisted of several academics. Reconciling the information held by the agricultural extension services with that provided by the farmer organizations made it possible to judge the overall validity of the information available. The survey approach also respected the data confidentiality rules.
Specification of the analysis model
Several authors (Buis, 2010 ; Fall et al., 2015; Gichuki and Mulu-Mutuku, 2018) describe the adoption of an innovation as a process that goes through two stages or transitions. First, the individual seeks to know the service and its utility. This "awareness" phase is the starting point for any adoption process. The second phase is "use", in which the individual actually uses the services offered by the electronic information system. As part of our work, the decision tree comes in the form of a two-level choice problem. The division of the choices into subsamples is easily feasible, insofar as one can naturally distinguish the farmers who are aware the electronic information system and those who are not aware of them on the one hand, and, on the other hand, those who use it, and those who do not use it. Thus, if farmers are not aware of a service offered by this system, then they will not use it. On the other hand, if farmers are made aware, then they will have to choose between using it or not. The hierarchical structure of our model can be reproduced in the form of the decision tree ( Figure 1) . Figure 1 shows a hypothetical process, which is to be described using a sequential logit model (Buis, 2011; Fall et al., 2015; Gichuki and Mulu-Mutuku, 2018). The sequential logit model consists of separate logistic regression for each step or decision on the subsample that is "at risk" of making that decision. The adoption process of electronic information systems is thus described by a sequential model with two transitions: awareness and use. The sequential logit model models the probabilities of passing these transitions. This is done by estimating a logistic regression for each transition on the sub-sample that is at risk, as in Eq. (1).
where represents the characteristics of farmer i for step k, and β k is a parameter vector to be estimated for step k.
There are three levels in this process. At each level reached by the farmers, they are assigned a number, niv. For farmers who are not aware of the electronic information system, level 0 is assigned. For those who are aware of it but do not use it, level 1 is assigned, and for those who have used it, level 2 is assigned. The average level achieved for each farmer, given their socioeconomic characteristics, is determined by Eq. 2.
where 0 , 1 and 2 are the farmer's gain at levels 0, 1 and 2, respectively. The variation in a characteristic of the farmer affects the transition probability and is calculated by the formula (Eq. 3).
The marginal effect of the farmer's characteristics on the average level of the farmer is a weighted sum of the different levels (Eq. 4). 
RESULTS AND DISCUSSION
Three categories of results are highlighted. First, the demographic, socio-economic and institutional characteristics of the farmers who participated in this study are presented. The information most frequently cited by farmers as being important and necessary, their assessment of the information they receive and their level of ownership of the access to information equipment are then exposed. The third result category deals with the impact of the farmer's socio-economic and institutional characteristics (sex, age, school years, household education, contact extension, years of mobile phone, farm size, technical assistance, perceived relevance of noncommercial benefits derived from information, access to agricultural financing) on the decision to adopt the electronic information system.
Descriptive Analysis
The descriptive statistics in Table 1 show that there is a significant gap between the proportion of farm managers who are aware of electronic information systems and the proportion that use them. Thus, despite the good awareness of these systems (82.93%), few farm managers (11.84%) use them. The question asked to farmers to create the "awareness" variable is this: when you think about agricultural market information systems, what supports come to mind? Table 1 presents the descriptive statistics of the explanatory variables of the sequential logit model. Table 1 also indicates that 90.05% of the sample is male. Such a result reflects the low proportion of farms headed by women. This scenario is understandable since, in rural areas, women can become heads of farms only when there is no longer a man of working age in the household. The average number of years of schooling for a farm manager is 1.86 years. This reflects the low level of schooling in rural Burkina Faso (INSD, 2015) . However, 85.03% of farmers surveyed have at least one student in their household. The survey results also highlight that the average age of farm managers is 38 years, with a minimum of 17 years and a maximum of 86 years. There are, therefore, young farmers as well as relatively old farmers. In addition, the survey results reveal that almost all farm managers (92.41%) are members of a professional organization. These organizations have the stated objectives of safeguarding and promoting the interests of all their members. The level of involvement of farmers in professional organizations can be seen as an indicator of their openness to the environment and information. In addition, the survey results show that the average size of farms is 3.31 ha. Farm size varies from 1.5 ha to 14 ha. The sample is therefore composed of farmers with very small agricultural sizes than those with relatively large areas. Such a disparity in farm size is observed at the national level (INSD, 2017) . In addition, the average number of years of use of a mobile phone by farm managers is 2.28 years, with a minimum of 1 year and a maximum of 13 years. There are, therefore, relatively new mobile phone users, as well as farmers who have more experience in using these devices. The survey also shows that only 14.53% of farmers had access to agricultural finance, which came in the form of a credit or agricultural subsidy. In addition, 7.25% of farmers received technical assistance from MIS management structures. Finally, 14.79% of the farmers interviewed considered the information disseminated from electronic information systems to be relevant. Relevant information 1 if the farmer considers relevant the non-commercial benefits offered by the electronic information system and 0 otherwise.
12.79% 0.369
The information needs of farmers Before attempting to understand the determinants of the adoption of electronic information systems, it is necessary to understand the type of information considered important and necessary for the decision-making of managers. The survey results shed light on these information needs. As shown in Figure 2 , the most important information needs relate to the availability and conditions of use of inputs (seeds, fertilizers, plant protection products) and agricultural equipment (85%), market prices (wholesale and retail) (80%), the list of input suppliers (76%), market accessibility conditions (76%) and existing potential sources of financing (70%). Similarly, half of the farm managers in the sample (50%) mention the need for meteorological information and information on conservation techniques for agricultural products. Finally, information on market prices of imported agricultural products, transport opportunities and agricultural regulations are cited by 20%, 15% and 12% of farm managers, respectively. These results highlight that farmers have information needs related to the main constraints they face in the production, conservation and marketing of agricultural products. It is important to note that all of this information is available from MIS management structures. In addition, the results of the survey reveal a high rate of nonsatisfaction about access to information among farmers (Figure 3 ). All the farmers interviewed feel that they do not receive the information they need. The reasons given are that information is not received in a timely manner (79%), is not relevant (75%), is fragmented (62%) or is unreliable (60%). The low frequency of information received and the difficult analysis of this information are also indicated by 50% of the farmers interviewed. When the farmer refers to information not received in a timely manner, he emphasizes the long delays in the information chain. However, when he refers to the low frequency of the information received, he emphasizes the low regularity and low updating of the data. Indeed, information can be obtained regularly by the farmer (e.g. the price variation) but not in time that would allow him to negotiate better his selling price. Similarly, information can be given at a given time, which can be useful for the farmer at this point in time (for example, the demand for agricultural products in different markets at harvest) but not regularly updated (e.g. lack of the same information in the dry season).
In summary, farm managers express the need for timely access to relevant, reliable and unfragmented information. We can notice that electronic information systems have the potential to meet such a need.
Analysis of access to information equipment
To access information, some tools are needed. It seemed useful to us to evaluate the level of possession of these tools by the farmers surveyed. The possession of a radio in the household is reported by the majority of farmers surveyed (97%) (Figure 4) . Almost all farmers (94%) also reported that at least one household member has a mobile phone, 12% of farmers own a TV, and only 4% say they connect to the internet.
It appears that mobile phones as well as radio can be an appropriate channel for transmitting information to farmers. Table 2 presents the results of the logit sequential model estimation. In addition to the estimated parameters, the marginal effects of each independent variable on the dependent variable of the respective model are also presented. These effects show the variation in the dependent variable in response to small changes in an independent variable, all else remaining equal. The maximum likelihood ratio test rejects the null hypothesis that all coefficients are statistically equal to zero. The variable "membership in an agricultural professional organization" was removed from the estimate because it had a very strong correlation with the variable "agricultural extension". This strong correlation is understandable to the extent that farmers join farmers' organizations in order to access extension services and credit facilities. The variable "sex" was also removed from the estimate of the probability of using electronic information systems because no female farm manager in the sample used the services of these systems.
Econometric results

Determinants of Awareness of Electronic Information Systems
The results show that the most marked differences are apparent in the number of years of schooling of farm manager, the contacts with agricultural extension agents and the technical assistance of the agents of MIS management structures. The results of this study indicate that farm managers with higher years of schooling are more likely to be aware of the services offered by electronic information systems. This result is in line with previous work ( The marginal effect on the number of years of schooling shows that each year of schooling increases the probability of awareness of the electronic information system by 9.32% (this value is calculated for the mean values of the number of years of schooling). The major task of education is to actively involve individuals in selfeducation process and encourage their independence in learning process (Sagitova, 2014) . It helps to develop flexible and adaptable thinking. In addition, technical assistance has a large marginal effect value (0.529), so probability of awareness of the electronic information system for a farmer from technical assistance is 52.9% higher, than average. The significant effect of this variable is also observed in Carrer et al. (2017) , who explained that farm visits made by agents of MIS management structures increased farmers' awareness of the characteristics of electronic technologies, thereby enhancing farmers' confidence in these technologies. Equally important, contacts with agricultural extension services increase the probability of awareness of electronic information services. The estimated marginal effect of this variable shows that the probability of awareness of electronic information systems for a farmer through agricultural extension is 28.9% higher than the average. This result is in line with previous studies (Tey et al., 2017; Mbanda-obura et al., 2017), showing that such contacts are an important tool for information transfer that allows farmers to better know the availability and functionality of new technologies.
However, having experience using mobile phones does not bring awareness of electronic information services. The variable "Age" included in the model in linear and quadratic forms also does not affect the probability of awareness of electronic information systems. Similarly, variables such as sex, farm size and access to agricultural finance do not appear to be significant determinants in the early stage of the adoption of electronic information services.
Determinants of the use of the electronic information system
In the second stage of the adoption process (i.e., the actual use of the electronic information system), the presence of educated members in the household, the size of the farm, the perceived relevance of non-commercial benefits derived from information and access to financing appear to be significant determinants.
In contrast to previous work, the number of years of schooling of the head of household does not significantly influence the probability of the use of electronic information systems. However, having educated members within the household, which was not important for awareness of electronic information systems, now appears as a variable that significantly explains the use of these information systems. This result is in line with the findings of Tadesse and Bahiigwa (2015) , who indicated that the presence of an educated child or spouse in the household allowed the household to adopt a new technology. The education of a member of the household can therefore generate positive externalities within the household by allowing it to adopt the electronic information system. This result is understandable to the extent that head-ofhousehold farmers, when out of school, tend to consult with a member of their household for reading written messages or letters. Farm size, which was not a determinant of awareness, also appears to be a significant explanatory factor of use. This result is consistent with the findings of Velandia et al. (2009) and Hollenstein (2004) . The probability of using the electronic information system is proportionately higher for large-scale farms, demonstrating the advantage of scale for the adoption of these information systems. The marginal effect of this variable on the probability of use is 6.1%. Under the assumption that a physical farm size corresponds to a high farm income, we can also assume that interest in the use of electronic information systems corresponds with high levels of agricultural income. Moreover, as expected, the question of the relevance of the information disseminated seems to arise for farmers. The perceived relevance of non-commercial benefits derived from information increases the probability of farmers using electronic information systems by 20.4% compared to the average. Our analysis has indeed confirmed that the farmer will adopt the electronic information system when the information disseminated is relevant to confer a certain social status or prestige in the community. This conclusion is in line with the results of several studies which show that some farmers are ready to adopt a technology if they find interests in terms of hierarchical position, safeguarding jobs, legitimacy and authority, power and recognition, or prestige and privilege (Msoffe and Ngulube, 2016, Waren et al., 2016, Taylor and Bhasme, 2018).In this sense, when relevant information is disseminated to farmers, they will be encouraged to use this information because of the noneconomic benefits they obtain from using this information. The other key factor that has a significant effect on the effective use of electronic information services is access to agricultural finance. When the farm manager has access to a credit or agricultural subsidy, his probability of using electronic information systems is 25.9% higher than average. Similar findings can be found in Carrer et al. (2017) who indicate that access to finance reduces farmers' budget constraints and facilitates investment in new technologies.
Given that farmers, on average, have few years of schooling, it was anticipated that agricultural extension and technical assistance from MIS management structures would influence the use of electronic information systems, but this is not the case in our estimation. This result implies that farmers will not simply adopt the technology because they have regular contact with agricultural extension agents or because they receive technical assistance from the MIS management structures. Neither age nor experience in the use of mobile phones is significantly associated with the use of electronic information systems.
CONCLUSIONS
This research helped to understand the factors that influence awareness of electronic information systems and their use by grain producers in Burkina Faso. The econometric results suggest that the number of years of schooling of farm managers, contacts with the agricultural extension agents and the technical assistance of the MIS management structures make farmers more aware of electronic information systems. With regard to the actual use of the services offered by these information systems, the presence of educated child or spouse in the household, a large sized farm, the perceived relevance of noncommercial benefits derived from the information disseminated and access to funding appear to be significant and positive determinants. This article clearly shows that the determinants of awareness of electronic information systems differ from those of the actual use of the services offered by these systems. This conclusion has strong implications in terms of public policies.
It is suggested that the different public and private actors work together to ensure that sufficient attention is given to each of the elements that enhance the awareness and use of the electronic information system. This requires that governments, MIS management structures, information providers and village leaders play a key role in this regard. The management structures of MIS will have to seek to better understand the specific information needs of different farmers before embarking on information dissemination activities. It is therefore necessary for these structures to carry out regular assessments of information needs and to ensure that the information disseminated is context specific. They will also need to ensure that capacity building programs are designed and implemented and that information resources are available Finally, since rural infrastructure is vital for the provision of information services to farmers, it is important that governments give priority to this field. Improving rural infrastructure would enable the electronic information system to be fully exploited. The lack of reliable energy sources due to low electricity coverage and the lack of other basic services such as transport, make ICT connectivity in rural areas particularly difficult. Improving such infrastructure would allow the electronic information system to be fully exploited. Rural areas of Burkina Faso continue to be sparsely covered and are not considered as a viable business case by telecommunication operators. Recent growth of teledensity in urban areas, fuelled by mobile technology, has meant that the digital gap between rural and urban areas has widened. The quality of rural infrastructure projects is, however, crucial for economic development. We agree with the World Bank (2005) that effective public sector action is required, to establish a regulatory and legal framework that enables the rise of a vibrant innovative competitive private telecommunications and ICT services sector, and to institute selective efficient and transparent public subsidies with high social payoff but low financial returns.
The results of our research are of great importance to policymakers, agricultural specialists, researchers and NGOs undertaking studies on the use of the electronic information system in rural areas of developing countries. The study may also be useful to the private sector, other information professionals and farmers in the areas selected in this research and Burkina Faso as a whole.
